Introduction {#sec1-1}
============

Irreducible atlantoaxial dislocation (IAAD) is a disorder of atlantoaxial joint instability with various causes. IAAD can lead to gradual forward and downward inclination, and even dislocation of the atlantoaxial joint, causing the atlas and axis to lose their normal cooperative relationship. With disease progression, contractures can develop in the surrounding muscles, ligaments, and joint capsules, thus generating much fibrous scarring and osteophyte formation and even joint locking.[@ref1][@ref2][@ref3] The diagnostic criteria for IAAD are variable. According to Tan *et al*.,[@ref4] if bone fusion and facet joint destruction can be ruled out by computed tomography (CT) reconstruction, a patient who cannot obtain satisfactory reduction, has an atlas-dens interval (ADI) ≥5 mm, or has adequate space available for the cord ≤13 mm after continuous skull traction with 5 kg for 1--2 weeks can be considered to have IAAD. Salunke *et al*.[@ref5] diagnosed IAAD when skull traction for 48--72 h, starting with 7%--8% of the patient\'s body weight, and increasing to as much as 20%, achieved no satisfactory reduction (ADI ≥3 mm in adults and ≥5 mm in children). There are various treatment methods, based on the current diagnostic criteria, including transoral fascia dentata and partial vertebral axis resection,[@ref6][@ref7] trans-oropharyngeal release plus anterior plate fixation,[@ref8][@ref9][@ref10] and anterior cervical release plus posterior fixation.[@ref11][@ref12][@ref13][@ref14] The diagnosis of IAAD is mainly based on preoperative and intraoperative traction results, as well as the physician\'s experience, with no relatively uniform guidelines for the selection of treatment; therefore, objective criteria for assessing recoverability and guiding treatment are needed. Many factors can affect atlantoaxial reduction; Salunke *et al*.[@ref5] Chandra and Goyal[@ref15] suggested that sagittal atlantoaxial joint inclination (SAAJI) in IAAD patients could change, but the extent to which this change would affect IAAD using precise data has not been reported. This study retrospectively analysis the SAAJI and reduction index (RI) data for IAAD patients treated in our hospital, to determine the values for these two parameters for use in evaluating irreducibility and guiding the selection of treatment.

Materials and Methods {#sec1-2}
=====================

24 IAAD patients treated in our hospital using anterior release with posterior reduction and fixation, or posterior reduction and fixation alone, between January 2008 and July 2014 were included in this retrospective study. There were 13 males and 11 females, with a mean age of 43 years (range 20-62 years). Another 12 individuals with normal cervical structures were selected as the control group (cervical injury was ruled out by CT). All 24 patients were diagnosed with anterior AAD; the causes included atlantoaxial transverse ligament rupture (n=3) old dens fracture (n=15), combined atlantooccipital osteosis (with an identifiable anterior atlantoaxial arch) (n=6), and C2/3 vertebral fusion (n=1). All 24 patients had various degrees of occipitocervical discomfort, pain, and limited mobility, and 18 had symptoms of cervical spinal compression: numbness, weakness, unsteady gait, increased muscle tone, or tendon hyperreflexia. This study was conducted in accordance with the Declaration of Helsinki. This study was conducted with approval from the Ethics Committee of University. Written informed consent was obtained from all participants.

According to the surgical approaches employed, the patients were divided into Group A (n=10), with anterior release and posterior reduction fixation; and Group B (n=14), with posterior reduction and fixation alone. In addition, 12 normal individuals comprised the control group. All patients underwent routine preoperative and postoperative Japanese Orthopaedic Association (JOA) scoring[@ref16][@ref17] to calculate the postoperative improvement rate = (postoperative score − preoperative score)/(17 -- preoperative score) × 100%; the surgical results and recovery conditions were also monitored. All patients underwent preoperative, posttraction, and postoperative cervical normal and lateral imaging, as well as preoperative cervical dynamic imaging, cervical opening imaging, cervical three-dimensional (3D) CT reconstruction, and magnetic resonance imaging plane scanning to understand the extent of AAD, spinal compression, signal changes, and scar hyperplasia. All cervical CT plane scanning was performed in the neutral position. The control group also underwent cervical CT to exclude injuries. Indeed, we adopt the same standard recommended by Salunke *et al*.[@ref5] for the patient; the criteria were the traction weight from 7% to 8% of body weight, until one-fifth of the patients' weight, and maintain traction 48--72 h.

Sagittal atlantoaxial joint inclination {#sec2-1}
---------------------------------------

Using cervical 3D CT reconstruction, two tangents (a, b) were constructed toward the atlantoaxial articular surface on the parasagittal view (bone window); the angle formed by these two tangents was α; the angle (angle β) formed by the bisector (c) of angle α with the horizontal line (d) was labeled the SAAJI. The bilateral sides of SAAJI were then measured \[[Figure 1](#F1){ref-type="fig"}\].

![A line diagram of parasagittal view of cervical computed tomography (a and b). A was the lower articular surface tangent of lateral atlantoaxial mass, B was the upper articular surface tangent of lateral atlantoaxial mass; A and B formed the angle α; C was the bisector of the angle α, and D was the horizontal line; the angle β formed by C and D was sagittal atlantoaxial joint inclination](IJOrtho-52-190-g001){#F1}

Atlas-dens interval {#sec2-2}
-------------------

The vertical distance was measured from the posterior edge of the anterior atlantoaxial arch to the anterior edge tangent of the axial dens on lateral cervical imaging. RI could then be calculated according to the changes in ADI before and after skull traction \[[Figure 2](#F2){ref-type="fig"}\].

![A line diagram showing Atlas-dens relation, Atlas-dens interval = A, B, reduction index = (A − B)/A × 100%](IJOrtho-52-190-g002){#F2}

The above imaging parameters were measured by at least three individuals using uniform standards and then averaged.

Statistical analysis {#sec2-3}
--------------------

SPSS 19.0 software (SPSS Inc, Chicago, IL, USA)) was used for the data analysis; the *t*-test was used for the comparison and analysis of the JOA scores, the SAAJI and RI values, and correlations between different parameters, with *P* \< 0.05 being considered statistically significant. A receiver operating characteristic curve (ROC) was used; the maximum cutoff point of Youden\'s index was set as the critical point to define the optimum values of the parameters in Groups A and B.

Results {#sec1-3}
=======

Comparison of sagittal atlantoaxial joint inclination {#sec2-4}
-----------------------------------------------------

The average preoperative and postoperative JOA scores in Group A were 8.8 ± 2.8 and 13.7 ± 1.8, respectively, and the average improvement rate was 60.9%; the average preoperative and postoperative JOA scores in Group B were 8.9 ± 1.7 and 13.8 ± 1.7, respectively, and the average improvement rate was 59.1%, indicating that there was significant reduction in the symptoms in both, Group A and Group B after the operation; no significant difference was found in the symptom reduction rates of these two groups (*t* = 0.78, *P* \> 0.05).

The SAAJI data for Groups A and B and the control group (Group C) are shown in [Table 1](#T1){ref-type="table"}; statistical analysis showed no significant difference between left and right SAAJI in each group (*P* \> 0.05), but the intergroup comparison exhibited significant statistical differences (*P* \< 0.05).

###### 

Sagittal atlantoaxial joint inclination in the three groups (x̄±s)(°)

![](IJOrtho-52-190-g003)

Comparison of reduction index {#sec2-5}
-----------------------------

The average RI 17.6 ± 9.3% in Group A and 34.4 ± 5.2% in Group B, and the intergroup difference was not significant (*P* \> 0.05). Further correlation analysis between SAAJI and RI values in Group A and B, respectively, revealed that these two radiographic parameters were significantly negatively correlated, i.e. the larger the SAAJI, the smaller the RI, indicating more difficulty in traction reduction for AAD \[[Table 2](#T2){ref-type="table"}\]. The ROC curves showed that the optimal critical point of SAAJI in Group A and B was 32.5° (sensitivity 95%, specificity 89%), and the best RI was 27.9% (sensitivity 100%, specificity 80%).

###### 

Correlation between reduction index and sagittal C1-C2 inclination degrees

![](IJOrtho-52-190-g004)

Clinical cases {#sec2-6}
--------------

Case 1, a 55-year-old female, had 3 years of progressive limb numbness. On imaging, RI and SAAJI were 34.29% and 22°, respectively; this patient underwent simple posterior atlantoaxial reduction plus bone graft internal fusion \[[Figure 3](#F3){ref-type="fig"}\].

![55 years old female, performed simple posterior atlantoaxial reduction and bone graft internal fixation (a and b) X-ray cervical spine lateral view showing atlas-dens interval before and after the traction was 9.32 mm and 6.14 mm, respectively; reduction index was 34.29%; (c) 3-D reconstructed image cervical spine showing obvious forward and downward atlantoaxial dislocation toward axis before the traction (d and e) CT cervical spine paracervical sagittal view showing the left and right sagittal atlantoaxial joint inclinations were 22° and 24°, respectively (f) the postoperative X-ray cervical spine lateral view showing that atlas-dens interval was significantly reduced](IJOrtho-52-190-g005){#F3}

Case 2, a 62-year-old female, had 10 years of progressive limb numbness plus respiratory difficulty. RI was 12.93% and SAAJI was 38°; the surgical method was trans-submandibular anterior release and posterior atlantoaxial reduction plus bone graft internal fusion \[[Figure 4](#F4){ref-type="fig"}\].

![62 years old female, with a history of 10-year atlantoaxial dislocation accompanied by spinal cord compression; after the skull traction, according to the reduction conditions, this had trans-submandibular anterior release, posterior atlantoaxial reduction plus bone graft and internal fixation, and the postoperative improvement rate was 75%; (a and b) X-ray cervical spine lateral view showing that atlas-dens interval before and after the traction was 11.08 mm and 9.65 mm, respectively, and reduction index was only 12.93% (c) the left parasagittal CT scan cervical spine showing that atlantoaxial joint inclination was 38°; (d) the postoperative x-ray cervical spine lateral view showing that atlas-dens interval was significantly reduced, and the fixation was firm; (e and f) 3 D reconstructed CT scan cervical spine showing that sagittal atlantoaxial joint inclination was significantly improved before and after the surgery](IJOrtho-52-190-g006){#F4}

Discussion {#sec1-4}
==========

Atlantoaxial instability and dislocation can have various causes; commonly seen causes include dens fracture, congenital malformation, transverse ligament rupture, inflammation, and tumors.[@ref1][@ref2][@ref18][@ref19] AAD is divided into reducible and nonreducible types, and reducible dislocation can be corrected through posture adjustment or appropriate skull traction, however, nonreducible dislocation cannot be reduced by appropriate traction or even soft tissue release. The latter cannot be corrected by long term traction or even heavy traction under anesthesia.[@ref20]

The treatment methods for IAAD with clinical symptoms are based on effective spinal decompression of the medulla oblongata and spinal cord. However, the AAD is deeply located near the skull base, close to the medulla oblongata and the nerves, blood vessels, and glands in the anterior neck and is covered by the mandible; therefore, access and surgery are very difficult, with significant surgical risk.[@ref20][@ref21] The diagnostic criteria of IAAD vary,[@ref4][@ref5][@ref22] and imaging standards that could guide the selection of surgical methods are lacking; specifically, no imaging standard has been devised to guide selection of a simple posterior approach or a combination with an anterior approach.

Anatomical factors affecting IAAD include local bone hyperplasia, joint space stenosis, morphological changes on the articular surface, and contracture of joint capsules, surrounding ligaments, and muscles, as well as disease duration.[@ref4] By identifying the anatomical changes or soft tissue factors, their effects on the extent of irreducibility can be understood, thus providing references for the selection of surgical options. Salunke *et al*.[@ref5] used the cervical CT parasagittal view to measure the angle between the tangent of the lower atlantoaxial articular surface and the tangent of the hard palate and reported that the larger the SAAJI, the more difficult the reduction. Chandra and Goyal[@ref15] used the angle between the tangent of the upper sagittal atlantoaxial articular surface and the tangent of the posterior dens edge to analyze IAAD and reducible AAD and found significant differences between these two types.

In this study, we retrospectively analyzed the clinical data of patients treated with simple posterior reduction or anterior release plus posterior reduction and fixation and found significant differences in SAAJI between the two groups. Furthermore, RI was used as an overall rating index to evaluate the reducibility degree, and the larger the RI, the greater the reducibility. In addition, this study found that these two radiographic parameters were significantly negatively correlated (*P* \< 0.05): the greater the SAAJI, the smaller the RI, and the less the reducibility. The study found that RI in the group that underwent simple posterior reduction and fixation plus bone graft internal fusion was \>27.9%, and the SAAJI was \<32.5°; the patient as shown in [Figure 3](#F3){ref-type="fig"} had a preoperative RI of 34.29% and SAAJI of \<32.5°, and simple posterior surgical treatment achieved good reduction effects. However, RI in the combined anterior and posterior approach group was \<27.9% and SAAJI was \>32.5°; as shown in [Figure 4](#F4){ref-type="fig"} (RI = 12.93% and SAAJI \>32.5°), anterior cervical release would first be necessary, followed by posterior reduction and fixation to achieve satisfactory outcomes. Therefore, the above two parameters might provide important reference values to guide physicians in selecting among surgical approaches.

Limitations of this study are as follows. (1) Because many factors can affect AAD, there were fewer observation indicators in this study, and the conclusions might not fully reflect the extent of irreducibility; in the future, these should be analyzed from a 3D perspective to validate the conclusions of this study. (2) This was a retrospective study; due to the limitations of data integrity, the measurement of SAAJI used the neutral position, which might change in the cervical dynamic position. Thus, improved imaging data are needed to investigate the correlations between SAAJI and the extent of irreducibility in the cervical dynamic position. (3) The sample size in this study was small, and more cases are needed in the future; prospective studies should be designed to further validate the research conclusions.

Conclusion {#sec1-5}
==========

SAAJI and RI can be used as important imaging indicators to determine the reversibility of IAAD. If the RI value is \>27.9% and SAAJI value is \<32.5°, reduction and fixation can be achieved by the posterior approach alone; otherwise, a combination of anterior and posterior approaches would be necessary.
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